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[bookmark: _Toc66981625]Section 1: Introduction
The aim of this report is to give the reader detailed information into the principles of lean and Six Sigma and how they can be used in the Processing industry. Since the ground breaking book written by Dan Jones and James Womack which focused on the Toyota Production system, almost every successful business in the world follows these rules in order to run as efficiently as possible, from private local companies to national ones like the NHS. As we go through this paper, we will see how these principles are used in real life situations to this day.
[bookmark: _Toc66981626]2: Lean System Principles 
The basic function of Lean system principles is to remove any excess waste in order to maximise the value to the consumer or ‘Customer’. By stripping back all waste and focusing on delivering value to the customer, companies are able to improve profits and hopefully expand as a business. 
In simple terms there are five principles that guide lean thinking for managers.
1. Define the value – This is what you think any given product is worth to the customer. It needs to be clear whether the value of the product is fair from a customer’s perspective. Many lean teams will ask the following questions: What does the Customer want? What benefits will they receive from the product? What price will they pay for the benefits of this product? Once you can answer these questions you can then set a price on what you think the customer is willing to pay.
2. Map the value stream – Every step or process involved during the creation of the product is part of the value stream. All these steps can then be accounted for and can then be determined as either Value added, or Non-value added. The aim of this being if no value is passed onto the consumer, then it should not be part of the process.
3. Make the process flow – This ensures that the whole process takes on a smooth flow, as any tasks done too early or that take too long often lead to waste. By carefully analysing the process and remove delays or waste, you can create the optimal flow to the activity. The ultimate aim is to have a seamless transition of one task to another until it reaches the customer.
4. Pull from customer – The essential meaning of this is that the product should not be made until there is a demand from the customer. This is a delicate balance as you need to be well informed of the market and have demand information at your fingertips, so you can react quickly. This also ties in with having a streamlined production as you need to potentially increase production at short notice.
5. Work towards perfection – The main objective is to eliminate all waste and ensuring all activities create value for the customer. Every person involved in the process should be striving to eliminate waste, adding value and delivery quality. There should always be scope for continuous improvement initiatives with the ultimate goal of achieving perfection (Elle Martin, 2019).
Waste, or what the management of Toyota call Muda, is any activity that consumes time, resources or space, but does not add any value to the overall product or service. They have been mentioned when going through the five principles of lean, but here briefly are the seven wastes of lean manufacturing:


1. Overproduction – Manufacturing items before the demand is there.
2. Waiting – When there is a delay between two processes during the production of the product.
3. Transport – Excessive movement and handling all adds to the overall costs.
4. Over Processing – This involves spending time on a certain process that does not impact the overall product. Leads to unnecessary expenditure.
5. Excess inventory – A smooth flow between departments and workstations will avoid taking up space and working operations.
6. Excess motion – Anything that reduces unnecessary movement such as bending, lifting or walking to other areas will reduce time and effort.
7. Defects – Any defect will involve reworking or even scraping the product. This all adds cost to the manufacturing process (https://blog.unex.com/five-principles-of-lean-manufacturing).

If any of these wastes are not properly controlled or monitored, it can have a detrimental effect on the overall cost of the product. In the ultra-competitive market of today this could be the difference between the success or failure of the product or even the company itself.
[bookmark: _Toc66981627]3: Advantage/Disadvantages of Lean
When weighing up the positives and negatives there are many things to consider. One of the crucial factors in the success of lean principles is how it continues to strip away all the waste in making the product which in turn helps reduce cost and therefore maximise profits. It also increases efficiency in the workplace as employees are continually implementing the same process. As the building process is standardized you greatly reduce the chances of poorly implemented products making it off the assembly line, hence having a consistent quality in a product that helps the company’s reputation. There is evidence that it also increases worker satisfaction (Scott Shpak,2019).  As it’s vital that a whole company works together to implement lean principles, all employees are asked to raise ideas to help the process and this gives them a sense of ownership and value.
There can be some negatives when implementing Lean principles. When starting out it can be a long arduous task as the initial process need to be reviewed and mapped out and a template needs to be set. Once this is complete though the process will run quicker compared to a non-lean one. You also have a small margin for error as any interruptions in materials or breakdown of equipment will lead to delays in the finishing of the product. Whereas there is plenty of evidence to suggest work satisfaction increases, there is also evidence that it can stifle creativity leading to resentment and boredom in the workplace. Despite all this evidence, is it clear that using lean principles is vital in enabling the majority of businesses to survive and thrive (https://www.pacific-research.com/lean-manufacturing-advantages-disadvantages-that-affect-your-product-design-prl/).
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Six sigma closely ties into lean principles as it’s a process improvement control. It focuses on using analysis and statistics in order to cut variation in the processing of products that lead to poor performances experienced by the end consumer. The early pioneers of this process were Motorola and GE during the 1980’s. In today’s society, its universally used by organisations from manufacturing, companies and even within the service sector. It’s been proven to cut processing time, reduce costs and improve quality.
So how is Six sigma implemented? The DMAIC project is a core tool in helping implement any Six sigma project. The acronym stands for Define, Measure, Analyse, Improve and Control. Each of these letters represent a phase in the product process. Let’s look at these in a bit more detail:
1. Define – In the initial phase you need to set out what the project will be, it’s goals and the customer requirements.
2. Measure - This is where process performance is measured. By studying the current performance, you can then start to understand the magnitude of the problem. Using tools like Pareto analysis will help analyse the frequency of problems.
3. Analyse – Here you get to see where the problems are by using Root cause analysis techniques. Failure mode and effects analysis (FMEA) will also help identify failures in the product, service or process.
4. Improve – By finding the root cause of the problem, you can address and eliminate them to improve performance. Design of experiments (DOE) and Kaizen events can be used to solve complex processes where multiple factors can be causing the problem and help introduce quick changes and results by using ideas from employees.
5. Control – It’s imperative that once the new processes are in place, they must be controlled on an ongoing basis in order to keep the new improved model on course. You can use Quality control plans, 5S and Poka-yoke to monitor and maintain new standards.
The DMAIC model is generally seen as a positive tool in most businesses, including how the structured approach enables you to analyse the process before any implementation takes place. This greatly reduces the chance of fixing the wrong issue. It’s also seen to help with team building and helps with communication through all departments of the business. There are some disadvantages with the model though. The rigid layout of the DMAIC method may not always be ideal with a company that thrives on creativity. It’s also seen as a great approach for big problems but for smaller companies the wide range of tools can be excessive (https://www.isixsigma.com/new-to-six-sigma/dmaic/what-dmaic/,Kirsten Terry).

[bookmark: _Toc66981629]5: Six Sigma approaches 
The DMADV approach is in many ways like DMAIC. The striking difference though is that it’s generally used for creating new processes rather than improving existing ones. The first three letters are the same as DMAIC. DEFINE the project goals, MEASURE process components and its products, ANALYSE data and develop designs and then decide the best one. The last two letters are where it differs. DESIGN is where you design the process and then test its details. Finally, you VERIFY the design by running multiple trials before handing over to the consumer *.
FMEA stands for Failure modes and effects analysis. It is primarily used during the analysis phase of DMAIC. It is a method to help recognize, evaluate and effectively score potential failures and their effects. An FMEA should lead you to identify actions that can eliminate or reduce the chance of potential failure occurring. An FMEA approach helps improve quality, reliability and safety of products and processes in a proactive manner. It’s also seen to help raise customer satisfaction by addressing previous failures while it’s also linked to reducing product development timing and cost.
Poka-Yoke was a term adopted by Dr. Shigeo Shingo during his time within the Toyota company during the 1960’s. As previously mentioned, the Toyota system was at the forefront of eliminating waste. Where Poka-Yoke differs from other Six sigma examples is how it’s not about finding or correcting mistakes, its more about preventing them from ever being made. There are two types of approach, Proactive and Reactive. A proactive approach seeks to implement a zero-defect quality system that uses the Poka yoke technique before or at the point of inspections during the process. Its claimed that the method will stop a defective part being manufactured 100% of the time. The reactive approach ensures that checks occur immediately after completing the process. This involves the operator at that stage checking the equipment or an employee checking it at the next stage. Unlike the Proactive approach, it is not 100% effective in eliminating all defects (https://expertprogrammanagement.com/2019/09/poka-yoke/).

With Poka yoke there is fundamentally three ways of preventing mistakes. When an error is detected or predicted, there are three ways of prevention:
1. Shutdown the process.
2. Control to prevent an error going ahead or mistake occurring.
3. A warning is sent to indicate an error may occur. 
Poka Yoke like most of the techniques mentioned in this report is seen to greatly improve the business model and maximise profits. The advantages are that it’s an extremely flexible tool that can be used in almost any business/process model. It doesn’t have to be expensive to implement and by carry out the steps in a process, you tend to get things right the first time. Disadvantages include the potential for it not working 100% of the time if poorly designed. It can also have a negative effect on efficiency if not thought out correctly.
[bookmark: _Toc66981630]6: Principles used in Dragon LNG
When looking into lean or Six sigma approaches at Dragon LNG. During the initial opening phase of the terminal in 2008 there was almost an open chequebook attitude within the company. Since 2016 there has been a conscious effort to reduce and eliminate waste in all areas. Here are just a few examples:
1. Job planning for maintenance previously had no structure. We therefore employed a maintenance planner who plans the work weeks ahead. This means every staff on maintenance will have his schedule given to him at the start of the week and every hour in work is justified. Previously you had a situation where people would be finished with their work early and have nothing to do.
2. Since COVID all meetings have been moved to Microsoft Teams. Previously they would be held in certain offices within the company so people would have to waste time printing multiple documents to be handed out and have to walk from one end of the site to another. Now it’s online time has been dramatically reduced on the preparation time. Meetings will now stay like this for the future.
3. As electric prices are generally more expensive during the day, Dragon LNG now looks to reduce their import usage during the day by switching off any unnecessary equipment. For example, a BOG compressor which is used to control LNG tank pressures will be switched off during the day before being run at 100% loading at night. This can save hundreds of pounds a day during the winter months.
4. During Christmas parties there used to be no charge on drinks. This led to overindulgence and multiple bottles of wine and champagne being ordered and then left undrunk. To eliminate this waste, it was decided every member of staff would instead receive five tokens to use on alcohol. This again saved money. 
5. All equipment onsite will have preventative maintenances schedules against them. Usually at six-month periods. What this enables you to do is look at the equipment and spot any potential faults before they turn into major failures. Not only is this a safety critical job but a cost saving exercise too.
Those are just a few examples of how Dragon LNG has evolved over the years in a competitive energy market. Dragon continues to strive towards efficiency and leaner thinking in an ever evolving industry.
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